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FOREWORD

This publication prescribes the preferred maintenance standards, prac-
tices, and procedures for the control of corrosion on subsurface structures,
and is an effective field manual for enabling personnel to meet the stand-
ards established.

The procedures described were derived from extensive field tests and
observatipns at various shore activities, and from knowledge and prac-
tices adopted from other pertinent sources. Special recognition is given
to the Maintenance Division of the Office of the Director, Southwest Di-
vision, Bureau of Yards and Docks for obtaining and compiling the tech-
nical information contained in this publication.

The standards prescribed in this publication are in consonance with
Bureau of Yards and Docks Technical Publication NAVDOCKS MO0-306,
formerly Part M of TP-PW-30, and are established to protect Govern-
ment property, with an economical and effective expenditure of main-
tenance funds commensurate with the functional requirements and the
planned future use of the facilities. This publication is also a guide for
maintenance forces in the field who will do the work, and is designed for
their use in the performance of this work.

Recommendations or suggestions for modification, or additional in-
formation and instructions that will improve the publication and motivate
its use, are invited and should be submitted through appropriate channels
to the Chief, Bureau of Yards and Docks, Washington, D.C., 20390.

This publication is certified as an official publication of the Bureau
and, in accordance with Secretary of the Navy Instruction 5600.16, has

been reviewed and approved.
C P @bca‘._

P. CoRrrADI,
Rear Admiral, CEC, USN,
Chief, Bureau of Yards and Docks.
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CHAPTER 1.

1.1 PURPOSE. This manual is primarily in-
tended to be used by public works department
shop personnel as a guide for the control of
corrosion at naval activities. The information
presented includes the types of corrosion, corro-
sion control, survey methods, installation of
protective anodes and graphite rods, and the
maintenance of cathodic protection installa-
tions.

1.2 TYPES OF CORROSION. Metals corrode
when buried in moist soil or when placed in
water (see pages 3—-14 of DM—4, Electrical En-
gineering). This corrosion is caused by electric
current which flows away from the metal and
into the adjacent soil or water. The current
may be produced at the surface of the metal
by a chemical action between the metal and
the chemicals in the soil, or by water coming
into contact with the metal. This type of corro-
sion is referred to as “galvanic corrosion” (see
figs. 1, 2, and 3). Other sources of current may
be an electrical railway system or a current-
generating source; in this case, the corrosion
is referred to as “electrolysis” (see par. 1.8).

1.3 CONTROL OF GALVANIC CORROSION. The
galvanic corrosion of underground metallic
structures can be controlled through cathodic
protection. Cathodic protection is a method of
protecting metal surfaces, through the use of

CORROSION CONTROL

a direct current voltage, from corrosion. The
voltage is applied so that the current tends to
flow from the direct current source through
the soil or water to the metal surface to be
protected. This flow of current applies elec-
trical energy that reverses the natural process
of corrosion.

1.4 CATHODIC PROTECTION. The underlying
purpose of cathodic protection installations is
to stop the flow of direct electrical current from
a metal structure (bare or coated) through the
soil in which it is buried. There are two well-
known methods of cathodic protection.

(1) Galvanic Anode System. The galvanic
anode system, which requires no external power
supply, incorporates the use of metallic anodes.
The anode metal generates sufficient voltage
in the soil or water which acts as an electrolyte.
The electrical current flows from one piece of
metal to the other because of a natural voltage
difference between them (see appendix A,
“Electromotive Series””’). The current flows
from the anode through the soil to the pipe,
thus protecting the pipe. Such metals as mag-
nesium, zine, or aluminum may be used as the
anode.

(2) Impressed Current System. The im-
pressed current system requires graphite rods
and an external power source to establish a
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Corrosion Caused by Dissimilar Metals
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Corrosion Caused by Dissimilar Soils
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Corrosion Caused by Dissimilar Surface Conditions

voltage of sufficient magnitude. The direct cur-
rent voltage from the power supply is im-
pressed upon the graphite rods to create the
necessary currents. The voltage source is usu-
ally a rectifier unit. In the process of protect-
ing the desired metal, the anode material is
consumed. The life of the anode material is
determined by the particular material used, its
weight, and the quantity of current leaving the
anode. Cathodic protection may be used to pro-
tect coated or bare structures, such as metal
pipes and tanks. The perforations of a pipe, as
a result of corrosion, may occur more rapidly
on a well-coated pipe than on a bare pipe, since

the corrosion current is concentrated at the holi-
days, or damaged areas, in the coating. The
total metal loss, however, of a coated pipe will
usually be negligible as compared with that of
a bare pipe. The requirements of the current,
to protect a coated pipe, are only a small frac-
tion of those required for a bare pipe. The
combination of a good pipe coating plus catho-
dic protection has proved to be both economical
and successful. Cathodic protection is used at
naval activities to protect oil, water, and gas
lines ; various types of buried metal structures;
the interiors of elevated water tanks; and both
the exterior and interior surfaces of buried and
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partially buried tanks. Important applications
are the protection of lead-covered cables of
telephone, signal, and power systems installed
in underground ducts, and the protection of the
subway type of equipment, which is subject to
frequent immersion in water in manholes.

1.5 CORROSION INVESTIGATIONS. The broad
classifications into which the bulk of corrosion
field investigations fall may be listed as follows:

(1) visual and physical inspections,

(2) study of maintenance records,

(3) soil resistivity measurements,

(4) potential (voltage) of structure-to-
soil (pipe-to-soil potential) measurements, and

(5) cathodic protection current require-
ment tests.

1.5.1 Visual and Physical Inspections. A visual
inspection of a metal structure yields much in-

formation. If a structure is found to be cor-
roded, physical measurements on the structure
are of great value. Inspections of both above-
ground and below-ground structures are valu-
able. When measurements of buried structures
are made, the inspection locations are selected
partially by availability, and partially by ex-
pected soil conditions as the result of other
tests.

1.5.2 Study of Maintenance (Inspection) Records.
Properly compiled inspection and maintenance
records and graphs contribute much infor-
mation on the progress of corrosion damage.
Since different structures at a naval activity
are subjected to varying degrees of corrosion
damage, records should be kept separately, by
services, for each buried structure. The sever-
ity of corrosion damage varies partially because
of the different types of construction used over



a period of time. For example, the gas mains may
be of coated and wrapped steel pipe; the water
mains of cast iron ; small diameter water piping
of galvanized and black iron; buried tanks of
steel with a light prime coat of paint; and
power cables may be a combination of lead-
covered and synthetic materials. Moreover, soil
conditions will vary, particularly at large in-
stallations. Consequently, it is advisable to keep
accurate records of the location of all corrosion
failures. Often a map, indicating the location
of corrosion failures, is helpful, as it may aid
in locating corrosive areas of the activity (see
par. 4.4).

1.5.3 Soil Resistivity. Low resistivity soils are
corrosive. Although medium and high resistiv-
ity soils were once thought of as not being
particularly corrosive, much corrosion has been
found in high resistivity soil areas. Conse-
quently, the difference in resistivity of soils in
contact with different parts of a structure is
a more accurate indication of corrosiveness
with respect to medium and high resistivity

soils. Alkaline soils are usually very low in
resistivity because of large amounts of soluble
salts in the soil, and are considered as being
very corrosive (fig. 6). Because of this, a low
resistivity coupled with alkalinity is an indica-
tion of a highly corrosive soil. Resistivity is
measured in ohm-per-cubic-centimeter (ohm-
cm.), and may be classified roughly as follows:

Up to 1,000 ohm-cm ... Very low
1,000 to 3,000 ohm-cm . . Low

3,000 to 10,000 ohm-cm .. _Medium
10,000 to 30,000 ohm-cm High
Above 30,000 ohm-cm .. Very high

Wet soils are usually more corrosive than
dry soils. Dry, clean sand without salt content
is noncorrosive ; however, there are some very
moist soils, where rainfall is extremely heavy,
which are noncorrosive.

1.5.3.1 Soil resistivity test methods. Soil resis-
tivity tests are the most often used methods of
determining soil corrosivity. Change in resis-
tivity is often a critical property. Information
concerning soil resistivity is necessary for the
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layout of cathodic protection systems. Resistiv-
ity tests combined with a knowledge of the
types of soil in an area, from the standpoint of
texture, aeration, and alkalinity or acidity,
present the most accurate available method of
predicting the corrosiveness of the soil in the
area.

1.5.3.1.1 Shepard cane method of measuring resis-
tivity. Suitable locations for anode or ground
bed installations may be quickly determined by
making preliminary tests of soil resistivity at
and near the surface by means of “shepard
canes.” At several spots throughout the area
to be cathodically protected, these tests will in-
dicate the more desirable areas of low resistiv-
ity at which more detailed tests for layout
purposes should be made. The shepard canes
indicate the average soil resistivity directly in
ohm-centimeters, but only to a depth of ap-
proximately 8 inches below the steel contact
surfaces at the ends of the rods. Resistivity
values within 10 percent are obtained at the
point at which the tip of the probe is placed
in the soil or liquid. It is useful for obtaining
resistivity of liquids or soil resistivity in exca-
vations and trenches. Earth resistivity meters
are usually calibrated to give results directly
in ohm-centimeters. These meters are usually
manufactured with one or two ranges on the
meter, and read from zero to 30,000 or 50,000
ohm-cm.

1.5.3.1.2 Four-Pin method of measuring resistivity.
The average resistivity of a large volume of
earth can be determined from the surface of
the ground by a method developed by Wenner.
With this method (fig. 7), four metal pins are
driven into the earth in a straight line, equally
spaced (spacing = “a” feet). The average soil
resistivity will be determined to a depth equal
to the space (a) between the pins. To make the

RHEOSTAT-a

measurement, a battery current (I), controlled
with a rheostat and measured with an ammeter,
is passed through the outside pair of pins, and
the resulting differences of potential (E) be-
tween the inner pins are observed. The aver-
age soil resistivity (p) to a depth of “a” is
given in ohm-centimeters by the formula (see
NAVDOCKS MO-306, Corrosion Prevention
and Control) :

191aE,
P= — I

where,

p = resistivity,

a — spacing between pins (feet),

E = voltage between the pins,

I = current passed between the two outer pins.

Tests are usually made to a depth of several
feet below the depth of the structure to be pro-
tected. Measurements recorded must be aver-
aged.

1.5.4 Structure-to-Soil Potential Measurement.
Structure-to-soil potential (voltage) measure-
ments are used to locate the possible existence
of corrosive areas on such metal structures as
a pipe or tank. The same type of measurement
is used to determine the adequacy of protection
where cathodic protection is installed. When
making these measurements, it is necessary to
connect a voltmeter between a reference elec-
trode and the structure (pipe or tank). The
commonly used reference electrode is a copper-
copper sulfate half-cell. It is used to provide
a low constant resistance contact with the soil
(fig 8). A suitable high-resistance voltmeter
should be used for this type of measurement.
A meter of 20,000 ohms per volt will be satis-
factory. A meter with a higher resistance, a
potentiometer, or a vacuum tube voltmeter may
be used. Figure 9 shows a typical test setup

FIGURE 7

Four-Pin Resistivity Measurement
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for a structure-to-soil potential measurement.
The structure-to-soil potential is a criterion of
protection. A potential (voltage) of —0.85 (re-
ferred to a copper-copper sulfate electrode)
will, in virtually every case, be indicative of full
protection. A —0.85-volt pipe-to-soil (struc-
ture-to-soil potential) has been adopted as a

criterion of protection for bare steel and iron
structures in soil or water. A reading of —1.0-
volt is a criterion for complete protection of a
well-coated pipe. The higher value for the well-
coated pipe is recommended because of the high
IR (voltage) drop through the coating. Ex-
treme care must be taken to assure good con-

COPPER WASHER

__— COPPER ROD

L

10

RUBBER CAP. KEEP

FROM DRYING OUT

OVER PLUG WHEN NOT
IN USE TO KEEP PLUG

BRASS HEXAGON NUTS

RUBBER WASHER

PLASTIC NuT
COPPER NuUT

TRANSPARENT
PLASTIC CARTRIDGE

SURPLUS COPPER
SULPHATE CRYSTALS

SOFT PINE WOOD PLUG

REMOVE PLASTIC NUT FOR
REFILLING ELECTRODE.
FLUSH WITH DISTILLED
WATER AND REPLACE SATU-
RATED SOLUTION OF COPPER
SULPHATE WITH EXCESS
CRYSTALS WHEN LEVEL
DROPS TO HALF FULL.

FIGURE 8
Copper Sulfate Half Cell
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tact with the structure if it is contacted by a
probe bar which is pushed through the earth.
An insulated probe bar should be used to elimi-
nate any effect the voltage-to-earth of the bar
might have on the reading. It may be necessary
to repeat the measurements several times to
obtain consistent results.

HIGH - RESISTANCE
VOLTMETER

STRUCTURE
FIGURE 9

Structure to Soil Potential Measurement

1.5.5 Cathodic Protection Current Requirements.
Current requirements to protect a metal struc-
ture may be estimated as indicated in the ex-
amples given in appendix C. Current require-
ment data, covering many field installations on
new and old pipe, are indicated in the following
figures:

Bare pipe ... 1 ma./sq. ft. (anode system)

Bare pipe ... 3 ma./sq. ft. (impressed current
system )

Old coated pipe ... 0.2 ma./sq. ft. (anode or impressed

New coated pipe ... 0.1 ma./sq. ft. current system).

1.6 CATHODIC PROTECTION CURRENT TESTS.

(1) Obtain representative resistivity data
for soil at or near the pipe depths along the
pipeline (see par. 1.5.3.1).

(2) Calculate the average soil resistivity
at or near the pipe depth. The shepard cane
method indicates average soil resistivity,
whereas the 4-pin method does not (NAV-
DOCKS MO-306, Corrosion Prevention and
Control.)

(8) Cathodic protection current require-
ments.

(a) Obtain the cathodic protection cur-
rent requirements from the curves in figure
B-1, using the previously obtained soil resistiv-
ity data.

(b) As an alternate method, obtain the
cathodic protection current requirements (see
fig. B-4) from field tests. When this alternate
method is employed, it is not necessary to meas-
ure the soil resistivity except for the purpose
of selecting locations for anodes or ground beds.

(4) Determine the protection current
source (par. 1.7 and 1.7.3).

(@) Anode system. Determine the num-
ber of anodes needed, the most advantageous

size, and the grouping and location for mag-
nesium or zinc anode beds from paragraph 3.1
and appendixes C and F.

(b) Impressed current system. Determine
the size of the rectifier required to drive the
ground bed current through the soil to the pipe
(par. 2.4.1 and appendix C). Determine the
number of graphite rods, and the grouping and
location for the graphite rod ground bed (pars.
2.2.2 and 2.2.5).

(5) After a system is installed, a period of
2 weeks should be allowed for the conditions to
stabilize. Pipe-to-soil potential measurements
should be conducted to determine the adequacy
of protection (par. 1.5.4).

1.7 CATHODIC PROTECTION CURRENT SOURCE.
After determining the protection current re-
quirement for a pipe section of system which
is to be placed under cathodic protection, the
next step is to decide which source of cathodic
protection current should be used.

1.7.1 Galvanic Anodes. Galvanic anodes are
generally the most convenient and economical
current source for requirements up to approxi-
mately 5 amperes. Practical limitations are
mainly confined to soil resistivity values and
current requirements per unit length of pipe.
As a general rule, galvanic anodes are pre-
ferred in congested locations where interfer-
ence with adjacent structures may occur. The
total current can be readily controlled by the
number of anodes installed and the spacing be-
tween them. The two types of anodes in general
use are magnesium and zine, which are in
various shapes and sizes.

1.7.1.1 Magnesium Anodes. Magnesium anodes
are packaged with the necessary backfill ma-
terial, and are available in such ranges as the
following :

Weight Resistivity range (use)
91lbs _Above 3,000 ohm-cm.
171bs 1,800-3,000 ohm-cm.
32 lbs 800-1,800 ohm-cm.
50 lbs Below 800 ohm-cm.

The 17-pound and the 32-pound weights are
weights most commonly used.

1.7.1.2 Zinc Anodes. Zince anodes are exten-
sively used in fairly low resistant soil when
the current requirement is small. Zinc is avail-
able in 14-pound and 23-pound sizes, and must
be installed in a gypsum backfill material. The
current output of either type of anode may be
controlled by the spacing of the anodes in the
multiple installation, or by a resistor in series
with the anode when a single anode is used.
It is practical to limit the spacing between the
anodes to a value that will limit the current
so as to obtain a 10- to 15-year life expectancy.



This will be discussed further in paragraph
2.1.1

1.7.2 Rectifiers. When the current require-
ments at one point exceed 5 amperes, a rectifier
is generally the most economical source of
cathodic-protection current. However, for re-
quirements under 5 amperes, the power cost
may be excessive because of minimum billing.
A disadvantage in using rectifiers, regardless
of the current requirement, is the relatively
high-operating voltage in the vicinity of the
ground bed and the tie-in to the structure being
protected. This high voltage, plus a relatively
high-current density at and near the ground
bed rods, is a factor to be considered when
there are foreign underground metal structures
nearby. Therefore, to avoid interference with
such structures, it is necessary to locate recti-
fier installations in relatively isolated areas, but
near a source of commercial power.

1.7.3 Physical Factors. There are several fac-
tors to be taken into consideration when select-

ing a current source. These may be broken

down into:

(1) soil resistivity,

(2) area into which anodes or ground bed
may be installed, and

(3) source of commercial power.

Of these three factors, the first to be considered
would be soil resistivity. Either magnesium or
zinc may be satisfactorily used in soil below
1,500 ohm-cm. (see fig. 10). Magnesium may
be used to protect bare pipe in soils up to 5,000
ohm-cm., and to protect coated pipe in soils up
to 10,000 ohm-cm.

Pipe Soil resistivity
Magnesium ... Bare . Up to 5,000 ohm-cm.
Magnesium .. Coated . . Up to 10,000 ohm-cm.
Zinc . seiss Bare Up to 1,500 ohm-cm.
Zinc ... Coated .. .. Up to 2,500 ohm-cm.

When deciding between magnesium and zinc,
the prime consideration is the current require-

ment per unit length to be protected. For a’

long life, low-current-installation zinc is usu-
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Typical Magnesium Anode Installation




ally preferred because of its self-regulating ac-
tion (magnesium and zinc anode life curves,

in NAVDOCKS DM-4). Normally, rectifiers
should not be considered for installation re-
quiring less than 5 amperes, except in the case
of bare pipe in soils with resistivities greater
than 5,000 ohm-cm. In soil having a resistivity
greater than about 1,500 ohm-cm., zinc is not
considered practical except in installations of
small current, such as well-coated new pipe.
Zinc is not recommended for installations in
soil having a resistivity greater than 2,500 ohm-
cm. Magnesium anodes, 17-pound or 32-pound
types, may be successfully used to protect bare
pipe in soils up to 4,000 or 5,000 ohm-cm.

When soil resistivity is greater than 5,000

ohm-cm., it is considered unsatisfactory for
galvanic anode installations, except to protect
coated pipe requiring a small amount of cur-
rent. If it is necessary to install galvanic
anodes in soils of this value, anodes should be
spaced as wide apart as practical, and in small
groups. Although both soil resistivity and cur-
rent requirements may indicate a rectifier in-
stallation, it may be impractical because of
foreign metal structures in the area. In con-
gested areas, galvanic anodes are believed to
be the only satisfactory source of power. In
this case, either magnesium or zinc anodes
should be used even though they are not the
most economical source of power. Normally,
cathodic-protection installations will not be
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placed where the soil resistivity is extremely
high throughout the area. Sometimes, it may
be necessary to install the galvanic anode in a
horizontal manner to take advantage of a thin
stratum of low resistance soils.

1.8 STRAY CURRENT CORROSION (ELECTROLYSIS).
The general method for eliminating or minimiz-
ing stray, direct current from an electric rail-
way and from electric welders is as follows.

(1) Reduce the resistance of the track
circuit by eliminating high-resistance rail joints
and by installing additional negative feeders
parallel to the track (this work must be done
by the traction company).
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(2) Carefully insulate all buried pipe at
points where they cross the railway tracks to
minimize the picking up of current.

(3) Install bond wires between pipelines
at locations where current is passed from one
line to the other so that the current is trans-
ferred through the wire instead of the soils.

(4) Install drain wire between the pipe
and the track in the vicinity of the substation
where there is a tendency for the current to be
discharged from the pipe and picked up by the
track or underground negative feeder (fig. 11).

(5) When using welding units, make sure
to ground unit to structure being welded. Do
not ground to water pipe or foreign structure
(fig. 12).



CHAPTER 2. ANODE, GROUND BED, AND RECTIFIER INSTALLATIONS

2.1 [INSTALLATION OF GALVANIC ANODES. The
desired output determines both the material
used and the arrangement of individual anodes.

2.1.1 Location of Anode Bed. The soil resistiv-
ity and the available space factors can be de-
termined by a complete investigation of the pipe
or structure to be protected and the soils in the
vicinity of the anodes. It is important to choose
a location where the soil has a low resistivity
and where it remains moist. (Low, poorly
drained areas are generally good locations.)
This area should be determined by making soil
tests using suitable types of instruments (see
par. 1.5.3.1). Generally, the installation should
be made, whenever possible, in accordance with
the standard installation skétch shown in figure
10 and in appendix F. Modifications in the
grouping or spacing of anodes may be neces-
sary, but the general procedure will be the
same. The following precautions should be
observed.

(1) Care must be taken not to break or
damage the connecting line wires to anodes.

(2) Backfill should make firm contact with
the side of the holes and anodes, and there
should be no voids present. (Used with zinc
anodes.)

(3) Anodes should be spaced as near the
center of the hole as practicable.

(4) All electrical connections must be sol-
dered, and must be taped with rubber and fric-
tion tape.

(5) The anode connecting wire should be
welded to the pipe. A Cadweld thermite weld-
ing kit may be used. Each weld must be coated
to ensure insulation from soil.

2.1.2 Spacing of Anodes (Galvanic). The
ground-bed resistance decreases as the space
between the anodes increases. For bare pipe,
anodes should be located 10 feet from the pipe
with a maximum spacing between anodes of
not more than 70 feet. For coated pipe, anodes
should be located 10 feet from the pipe and may
be spaced several hundred feet apart (appen-
dix F).

2.2 [INSTALLATION OF GROUND BEDS. Ground
beds for impressed current systems usually
consist of two or more graphite rods. The
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proper number of rods should be selected and
properly spaced to form a bed whose resistance
is such that the total annual cost will be a
minimum (fig. 18). A high-resistance bed re-
quires an excessive amount of power, and a
low-resistance bed may require too great an
original investment. The recommended stand-
ard rod to be used with a rectifier is a 3” X 60”
graphite rod. Other sizes of rods are available
and may be used when the desired current per
rod will not give the desired life from the 3”7 X
60” size. Table 1 lists the maximum current
output for graphite rods for use in soil or fresh
water. 3

TABLE 1
Maximum Current Output per Graphite Anode

Suspended in
fresh water.

In soil

with backfill

4.0 amperes
7.0 amperes

Anode size

3» X 60"

1.0 amperes
4" x 80”

1.8 amperes

2.2.1 Ground Bed Location. The ground bed
should be located in the area of lowest resist-
ance (same as for galvanic anodes) which is
nearest the point where corrosion has been de-
termined to be severe (see par. 2.1.1). The
availability of power is important. Ground
beds can be located as near as 50 feet from a
coated pipe. The maximum distance should
seldom exceed 1,500 feet. Normally, the verti-
cally positioned graphite rods are installated in
12” %X 108” holes with coke breeze backfill. The
backfill should extend at least 1 foot above and
below the rods. Although graphite rods are
preferred, carbon rods or scrap steel may be
substituted. The installation of scrap steel is
the same as for that of graphite rods. A 1-inch-
wide strip of primer pipeline enamel must be
applied to the entire length of each section of
scrap steel to prevent them from separating in
operation.

2.2.2 Spacing and Number of Rods. Ground-
bed resistance decreases as the space between
the rods increases. However, little is gained by
spacings of more than 20 feet, except in high-
resistive soils. In such soils, spacing up to 35
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feet may be economical. The installation sel-
dom should have more than 15 rods per ground
bed.

2.2.3 Backfill Material. To obtain the maxi-
mum efficiency and life from graphite or carbon
rods, special backfill coke breeze should be
tamped around the rods at the time of installa-
tion.

2.2.4 Wiring. Graphite rods are equipped
with a 5-foot, No. 8, stranded-copper lead,
which is insulated with rubber under a neo-
prene sheath. Care must be taken when running
bus leads and when making connections to the
ground-bed rods. Bus leads should be insulated
with highly impervious insulating material.
The recommended insulating material is natu-
ral rubber under a neoprene jacket. Consider-
able care should be taken to ensure that all
joints are well insulated since any conductor
exposed to the soil would be rapidly destroyed
by the rectifier current. All joints in the cable
system should be made with as low a resistance
as can be obtained. Bolted joints, if used,
should be filed flat, and made up very tightly.
Soldering and brazing are the preferred meth-
ods (fig. 13). The connecting wire bus from
the rods may be welded to the pipe with a
Cadweld thermite welding kit. Each weld
should be coated to ensure that an insulated

connection has been made. Cable size should
be large enough to minimize voltage drop and
to handle additional current in future years.
Increased current demand may result from line
coating deterioration or additional metal area
protection.

2.2.5 Determining The Size Of The Ground Bed.
To determine the ground-bed size required to
protect a certain buried-metal structure, the
following steps should be observed.

(1) Measure the average soil resistivity
at normal graphite rod depth (par. 1.7 and 2.2).

(2) Determine the total current required
to provide protection (appendix B).

(3) Determine the number of graphite
rods needed in the ground-bed to carry the total
protection current.

Muoker afbills — Total protection current (appendix B)
4 amperes (table I)

Example:
Total protection current — 16 amperes.
Maximum current per graphite rod — 4 amperes
(table I).

16 amperes

Total rods =
4 amperes

= 4 rods.

Note: to provide reserve current capacity
always add one additional rod to the number
of rods needed.




2.3 RESISTANCE OF GROUND BED. Compute
the resistance to soil for the ground-bed deter-
mined in Item (3) of paragraph 2.2.5.

(1) The resistance to soil of a single
graphite rod is found by:

pK
1,000’

R =

where,

R — resistance in ohms for a single graphite rod,
p = soil resistivity in ohm-cm,
K = a constant 3.0 for a.3” X 60” graphite rod.

(2) The resistance to soil for several
graphite rods in parallel is found by:

R
0.6N "’

R. = ground bed resistance to soil,

R — resistance in ohms for a single graphite rod,

N = number of graphite rods in the ground bed,

0.6 = reducing factor for mutual interference
between rods.

Ry =

Example:
Average soil resistivity = 1200 ohm-cm;,
Total protection current — 16 amperes,

Number of graphite rods required = 5
rods.
__pK 1,200 X 3 _
K= 1,000 — 1,000 3.6 ohms (for one rod),
R = R 3.6 — 1.2 ohms (5-rod ground-bed).

06N~ 06 X 5

2.4 RECTIFIERS. Normally, the rectifier instal-
lations must be tailormade to fit the prevailing
condition. The leads should be run as nearly as
practicable to conform with the recommended
standard procedure. It is desirable that the
leads run in such a manner as to be neat in
appearance and properly protected from tam-
pering or accidental damage. The supply volt-
age to a rectifier is high enough to be dan-
gerous. Contact with the supply voltage may
result in severe electrical shock or, under ad-
verse conditions, it may be fatal. For this
reason, all connections should be well taped
and protected from the operator as well as
from the public. Under no condition should a
rectifier be serviced with power on. Personnel
servicing or adjusting the rectifier should be
familiar with the rectifier installation wiring
as well as with the conditions necessary for
complete protection of the pipe.

2.4.1 Determining the Size of the Rectifier.
When using an impressed current system, the
current requirements for the protection of bare
pipe should be calculated at 3 milliamperes per
square foot of metal to be protected, rather
than at 1 milliampere, when using magnesium
anodes. This is because more current is being
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absorbed by the pipe area near the physical
location of the rectifier. The size of the recti-
fiers needed to protect the pipe is dependent
upon three factors.

(1) ground bed resistance R, (par. 2.3),

(2) permanence, and

(3) cost.

If the ground-bed resistance is 1.2 ohms and

a protection current of 16 amperes is needed,
ghen the rectifier voltage (E) required would
e:

E= (I X R:) =16 X 1.2 = 19.2 volts
where

E = rectifier voltage,
I = total protection current needed (appendix B),
R. = total ground bed resistance (par. 2.3).

To provide sufficient capacity for additional
current demands because of dry seasons and
pipe-system growth, the rectifier should be cap-
able of supplying 20 volts at 20 amperes. The
total output power will be 307 watts. If the
ground-bed resistance were reduced to 0.4 ohm
by use of a lower resistivity site, the same
protection current could be provided by an
8-volt rectifier, and the power consumption
could be cut in half (par. 2.3).

It is a safe practice to install a rectifier of
greater capacity than that indicated by the
original calculations. If more current is tem-
porarily needed, as is the case during prolonged
dry weather, the voltage of the rectifier may be
increased. This plan is adapted to a cathodic-
protection system in which the rods are not
carrying their full rated current output under
normal conditions.

2.4.2 Criteria for Protection. The criterion for
the complete protection of a well-coated pipe
is a pipe-to-soil voltage of 1 volt. A minimum
voltage of 0.85 volt is used for poorly coated or
bare pipe. The higher value for the well-coated
pipe is advisable because of the high voltage
(IR) drop through the coating."

2.5 SUMMARY OF THE USES OF CATHODIC PRO-
TECTION

2.5.1 Galvanic Anode Systems. Galvanic anode
systems are used most often in the following
types of installations:.
(1) local or hot-spot protection on pipe-
lines;
(2)
terior) ;

(3)

small isolated tanks (exterior and in-

moderate size tank farms;
general protection on well-coated
building utility service protection;
all types of installations when power
is not available;



(7) hazardous location installations where
commercial power is not permissible; and

(8) restricted area protection, such as on
condenser water boxes.

2.5.2 Impressed Current Systems. This type of
system is usually used for the following types
of installations:

(1) bare and poorly coated pipe lines of
all sizes;

(2) large tank installations (exterior) ;
(3) water storage tanks (interior) ;

(4) protection of several services in an
area; and

(5) process tanks, particularly those con-
taining acids.

2.5.3 Coated Piping. Good coating materials,
correctly applied, materially reduce the corro-
sion of buried or submerged metal structures.
However, by the very nature of corrosion proc-
ess, pitting can proceed rapidly at any flaws
which may exist in the coating (par. 1.4).
Therefore, coating should be supplemented with
cathodic protection. While the complete pro-
tection of a bare pipe may require from 1 to
3 milliamperes of current per square foot of
surface area, a new, well-coated pipe will re-
quire only 0.1 milliamperes per square foot.




CHAPTER 3.

3.1 GALVANIC ANODE OR GROUND BED LO-
CATION. Low, poorly drained areas are gen-
erally good locations for an anode or ground
bed installation, since a moist environment is
highly desirable for efficient anode operation.
The ground bed should be located in an area of
lowest soil resistance and nearest those points
where corrosion has been determined to be most
severe. Of prime consideration in choosing
gites for either galvanic anodes or rectifier
ground beds is the location of foreign under-
ground metal structures relative to the posi-
tion of the proposed installation. In the event
that insufficient clearances are maintained, the
foreign metal structure may pick up current in
the region of the ground-bed influence and dis-
charge it into the ground at some other point,
thus causing or accelerating corrosion of the
foreign structures. Therefore, rectifier ground
beds should under no conditions be located closer
than 50 feet from the structure to be protected,
or 500 feet from such foreign structures as
water lines, underground telephone cables, etc.
Galvanic anode installations are not so critical,
but they should generally be at least 20 feet
from a foreign structure with either type of
installation, and particularly if the spacing
limitations cannot be maintained. Structure-to-
soil voltage tests (par. 1.5.4) should be made
on the foreign metal structures after the pro-
tection system is installed to determine if there
is danger of damage to such structures.

If damage is possible, the Field Engineering
Office, Maintenance Division, should be advised
and assistance requested by means of an En-
gineering Service Request. When a galvanic
anode or rectifier ground bed must be installed
it is most important that a site be obtained on
which future improvements, buildings, paving,
ete., will not block the maintenance of the
cathodic protection system. To obtain immedi-
ate current output from a ground bed, the back-
fill may be puddled; that is, water may be
added to the dry backfill mixture in the hole
and mixed with a stick. This can be done by
pouring in 1 or 2 gallons each of backfill and
water and mixing them, and then by adding
more backfill and water.
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GOOD INSTALLATION PRACTICES

3.2 INSULATING. After deciding on the pip-
ing section to be protected, first electrically
isolate this section from the remainder of the
piping system. This may be done by insulating
the valve flanges or by installing Dresser-type
couplings at the desired points (appendix D).
If desirable and practical, insulating should be
done so as to provide sectionalizing points to
break major protected sections into smaller
sections for test purposes. This also reduces
the surface area to be protected, and eliminates
surface area that might not require protection.
Buried metal tanks should be insulated from
any metal pipelines or other metal structures
before application of cathodic protection and
vice versa. It is necessary to insulate at all
gasline regulators within a section that is to
be protected. Normally, this can be done by
installing suitable fittings at all regulators (ap-
pendix D).

3.3 BONDING. All underground Dresser
couplings that are to be included within the
protected pipe section should be bonded at the
same time that the insulating work is done.
All open Dresser couplings must be located if
the pipe section is to be protected as a unit. In
special cases, some Dresser valves may not be
bonded if it is practical to protect the piping
in small units by installing distributed galvanic
anodes. Usually, Dresser couplings in the
buried pipe system can be located after cath-
odic-protection installations have been made,
and after the protective current has been ap-
plied. After partial protection has been ob-
tained, open Dresser valves will be indicated
by differences in pipe-to-soil voltages (appen-
dix D).

3.4 INSTALLATION OF TEST LEADS. Sufficient
tests leads, terminating in handholes, should be
provided throughout the protected pipe system
or structure to provide the necessary contacts
with the buried piping for checking the opera-
tion of a cathodic-protection system. These test
leads may be used for determining the adequacy
of protection and for troubleshooting. Test
leads may be installed when new pipe is in-
stalled, or when repairs are made to leaky pipe.






CHAPTER 4. MAINTAINING CATHODIC PROTECTION SYSTEMS

4.1 GALVANIC ANODE SYSTEMS. Periodic
pipe-to-soil voltage tests (par. 1.5.4) are re-
quired to maintain galvanic anode systems
having magnesium or zinc anode beds. The
purpose of these tests is to determine whether
adequate protection is obtained.

4.1.1 Test Data Interpretation. The minimum
pipe-to-soil voltage, with reference to a copper-
copper sulphate half-cell, should be —0.85 volts.
The maximum pipe-to-soil voltage should be
—1.5 volts. Should the pipe-to-soil voltage drop
below —0.85 volts, the anode current should be
increased. If the voltage increases above —1.5
volts, the anode current should be decreased.
The proper anode current output requirement
is not a fixed value, but is dependent on the
proper pipe-to-soil voltages being maintained
to give adequate protection. A decrease in the
pipe-to-soil voltage of 100 millivolts indicates
that the anode beds are failing to deliver the
required output current. The anode beds in the
vicinity of the low pipe-to-soil voltage on the
metal structure should be checked to determine
which bed is at fault. Each anode bed should
be checked for required current output.

4.1.2 Current Output Adjustment. The required
current output of each anode bed is determined
at the test points at the time the anode bed is
installed, and is recorded on a facility history
record card. The current output of magnesium
anode beds can be controlled by means of a
10-ohm adjustable resistor inserted in the
anode-bed lead which connects to the metal
structure. This resistor is usually placed in
the handhole which contains the test lead (fig.
D-4). The current output of the anode bed is
decreased by adjusting the resistor so that more
resistance is inserted in the circuit. A decrease
in the resistance of the adjustable resistor will
increase the current output of the bed. The cur-
rent output of the anode bed can be measured by
inserting a milliameter in series with the anode
bed lead. Certain anode leads are usually
brought to ground surface to permit this type
to be tested (fig. D-4). An 0.1- or 0.01-ohm
shunt, installed in the anode lead, can also be
used for current measurement by measuring
the millivolt drop across the shunt.
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4.1.3 Causes of Low Current Output. Dry soil
at the anode-bed site is a common reason for
low output current. This is more common
during dry seasons of the year. Wetting down
the soil reduces the soil resistivity and permits
increased anode current output. The current
output of anode beds will decrease with time
as the beds become stabilized. Corroded con-
nections or control resistors in the test leads
can affect output current. Magnesium and zinc
anodes are sacrificial anodes which will be
expended after a number of years. Generally,
the anodes will be expended at the end of 10
years. Current output at that time will reduce
virtually to zero. As the anodes are expended,
a point will be reached where the current out-
put can no longer be adjusted by the resistor
to provide adequate protection. This will be
indicated by pipe-to-soil voltage readings of
less than —0.80 volt. When this occurs, addi-
tional anodes should be installed, or the exist-
ing ones replaced.

4.1.4 When to Measure Pipe-to-Soil Voltages.
Tests should be made once every 2 months for
the first 6 months after the cathodic protection
system is installed. Thereafter, pipe-to-soil
voltage tests should be scheduled four times a
year. If the operation of the protected struc-
ture is interrupted or changed by any of the
following occurrences, pipe-to-soil voltage tests
should be made immediately in addition to the
normally scheduled tests.

(1) Additions to the protected structure
are made by new construction.

(2) Portions of the protected structure
are removed by eliminating some of the under-
ground services.

(3) The ground beds and cables are in-
spected to determine their condition, at which
time the soil around the anodes is disturbed.

4.2 |IMPRESSED CURRENT SYSTEMS. Impressed
current systems have an external direct-current
voltage source (rectifier) and graphite rods to
provide protection. The maintenance required
consists of periodically checking the current
output of the protected system and pipe-to-soil
voltage measurements made on the protected
structure to determine that adequate protection
is obtained. The amount of current flowing



through the cathodic protection system is con-
trolled by regulating the voltage at the rectifier
unit. The grouping and arrangement of the
graphite rods provide the required distribution
of the current to all metal areas to be protected.
The output current required to give protection
is established at the time the cathodic-protec-
tion system is installed, and is recorded both
on a card in the rectifier box and on a facility
history record card.

4.2.1 Test Data Interpretation. The minimum
pipe-to-soil voltage, with reference to a copper-
copper sulfate half-cell, should be —0.85 volts.
The maximum pipe-to-soil voltage should be
—1.6 volts. Should the pipe-to-soil voltage drop
below —0.85 volts, the ground-bed current
should be increased (par. 4.2.2). If the voltage
increases above —1.5 volts, the ground-bed out-
put current should be decreased. The proper
ground-bed current output requirement is not
a fixed value, but is dependent on the proper
pipe-to-soil voltages being maintained to give
adequate protection. A decrease in the pipe-to-
soil voltage will measure less than —0.85 volts.
This is another indication of inadequate pro-
tection. Low current output may be caused by :

(1) High soil resistivity at ground-bed site
during dry seasons (soil area at the ground-bed
site should be wetted down during dry seasons
and before adjusting the rectifier voltage taps) ;

(2) defects in wiring, which cause a short
circuit or an open circuit;

(3) blown fuses, a.c. or d.c.;

(4) a.c. switch open;

(5) low a.c. input voltage;

(6) graphite rod lead broken;

(7) additional metal area has been added;
or

(8) graphite rods which should be re-
placed.

4.2.2 When to Measure Pipe-to-Soil Voltages.
Tests should be made once every 2 months for
the first 6 months after the cathodic-protection
system is installed. Thereafter, pipe-to-soil
voltage tests should be scheduled four times a
year. If operation of the protected structure
is interrupted or changed by any of the follow-
ing occurrences, pipe-to-soil tests should be
made immediately in addition to the normally
scheduled tests.

(1) New construction results in additions
to the protected structure.

(2) Portions of the protected structure
are removed by eliminating some of the under-
ground services.

(3) The ground beds and cables are in-
spected to determine their condition, at which
time soil around the anodes is disturbed.

4.3 ADJUSTMENT AND REPAIRS. Upon receiv-
ing evidence that a cathodic protection system

is not operating at a proper current output, the
inspector should immediately prepare a work
request for the shop assistance needed to:

(1) Water the soil area at galvanic anodes
and graphite rod locations during dry seasons
of the year;

(2) perform routine test (soil resistivity,
pipe-to-soil voltage, and current output) ;

(3) make minor adjustments and repairs
to the rectifier (always remember to turn off
the power to the rectifier before servicing).

4.4 MAINTENANCE INSPECTION AND RECORDS.
The most effective corrosion control program
is considered useless without records. Accord-
ingly, a large amount of data must be recorded.
Office records with duplicate field copies should
be set up to include a summary of all work
accomplished so that station forces or FEO*
personnel can evaluate the effectiveness of the
work and forecast any possible failures of pro-
tection. These records require regular field in-
spections of the protection system. These in-
spections should be scheduled as follows :

(1) Semiannual and annual inspections,
performed by station personnel, of systems in-
stalled at activities. A complete system check
once every 6 months should be performed by
a FEO representative. This complete system
check includes such work as recording on
Bureau forms [NavDocks Form 2501(9-57),
appendix 6] pipe-to-soil voltages at all test
leads ; measuring current flow at all shunts and
IR drop test leads; checking all mechanical
connections for tightness and contact at shunt
junctions, bonds, rectifiers and insulating
flanges; checking the current output of gal-
vanic anode bed and ground bed; and making
the necessary current adjustments in the cath-
odic-protection system.

(2) Monthly and weekly checks performed
by station forces consist of :

(a) visual inspections of the apparent
operating conditions of rectifiers, bonds, shunt
junctions, and insulating flanges;

(b) observing and recording rectifier
meter readings (current voltage) ;

(c) observing the defects and reporting
such defects to the cognizant Field Engineering
Office.

4.4.1 Permanent Records. Permanent records
should be maintained, and should be kept so
that the following information will be easily
accessible:

(1) The current output of each galvanic
anode bed,

(2) the rectifier voltage and current read-
ings (impressed current system),

(3) the dates of wetting of galvanic anode
beds,

* Field Engineering Office.



(4) the dates of wetting of impressed cur-
rent system ground beds (graphite rods), and

(5) the repairs and replacements of equip-
ment, galvanic anodes and graphite rods.

4.4.2 Comparison with Past Records. When
new readings are recorded on the facility his-
tory record cards, the person entering them
should immediately compare new readings with
past readings. This will serve to determine:

(1) Whether there is deterioration of the
cathodic protection system that might permit
pipeline corrosion, and

(2) whether there is any seasonal varia-
tion in the galvanic anode or graphite rod
resistance that could cause an overload of the
anodes or graphite rods.

4.5 MAINTENANCE OF TEST EQUIPMENT. In-
struments containing dry cell batteries should
be checked monthly for rundown batteries
which should be replaced to prevent possible
damage to equipment by corrosion products
from wornout batteries.

4.6 COPPER SULFATE ELECTRODES. Copper sul-
fate electrodes (fig. 8) should be kept full of a
saturated solution of copper sulfate, with a
few surplus crystals of copper sulfate to main-
tain the solution in a saturated condition. Pure
copper sulfate and distilled water should be
used in preparing the solution. Every 6 months,
or if the solution becomes cloudy, it should be
discarded, and the electrode should be rinsed
out thoroughly with distilled water and refilled
with fresh copper sulfate solution. When the
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electrode is not in use, keep a wooden plug,
covered with a rubber cap, at the end of the
electrode. This prevents the wood from drying
out, thus keeping the resistance low.

4.7 TEST LEADS. Spring clips on test leads and
jumper wires should be checked frequently to
ensure that they are tightly connected, and that
there are no breaks inside the insulation near
the clip connection. This may be checked by
pulling firmly on the clip to determine if it
will separate from the wire.

4.8 DPWO TECHNICAL SERVICES AVAILABLE TO
NAVAL ACTIVITIES

(1) Perform complex corrosion engineer-
ing surveys.

(2) Make periodic measurements to de-
termine the adequacy of protection provided
by existing cathodic protection systems.

(3) Prepare plans and specifications for
complex cathodic-protection systems.

(4) Train station personnel in such areas
as:

(a) The causes of corrosion and control
methods;

(b) the test methods for determining
whether metal structures are being attacked
by corrosion;

(c¢) the use of cathodic-protection test
instruments;

(d) the interpretation of soil resistivity
measurements and structure-to-soil voltage
readings;

(e) the checking of station cathodic-
protection instruments.






GLOSSARY

ANODE: A sacrificial electrode for providing current to protect corroding metals.

ANODE BED: A group of magnesium anodes connected to a common header cable for cathodic
protection.

BACKFILL: A ground-bed material used with bare anodes. It lowers annode-to-soil resistance
and permits current to flow more freely.

CARBON : The anode material used with a rectifier to protect corroding metals.
CATHODE : Position of metal to which current flows (protected metal).

CATHODIC PROTECTION: The reduction or prevention of the corrosion of a metal surface
through a method of applying an external direct-current voltage.

COATING: A protective coating placed on a pipe or metal structure to insulate it from the soil.
(Coal tar enamels, asphalts, paints and tapes.)

COPPER SULFATE ELECTRODE (Half-cell): A standard or reference electrode used for
measuring pipe-to-soil (or to water) potentials.

CURRENT DENSITY: The amount of applied, direct current required to give protection.
(Bare pipe, 1 to 3 ma.; coated pipe, 0.1 ma.)

DRAINAGE POINT: The position on the pipe or metal structure under protection where the
galvanic anode or the negative terminal of the rectifier is attached.

DURION: The anode material used with a rectifier for providing current to protect corroding
metals.

ELECTROLYTE: A chemical substance (liquid), such as water, soil, or other chemical solutions,
that will conduct electric currents.

ELECTROLYSIS: Corrosion caused by stray, direct current from electric railway systems or
d.c. generators.

GALVANIC CORROSION: Corrosion of buried metals caused by differential soil environments,
dissimilar metals, differential aeration.

GALVO LINE (Magnesium Ribbon) : A flexible extruded magnesium anode with a small cross
section area.

GALVO PACK: A magnesium anode with self-contained backfill.

GRAPHITE ROD: Used with a rectifier to provide current for the protection of corroding
metals.

GROUND-BED: A ground-bed is usually associated with impressed current systems. The bed
requires graphite or carbon rods.

“HOT SPOT” PROTECTION: Cathodic protection applied locally to overcome a particularly
bad corrosion condition which is worse than that encountered elsewhere in the installation.

IMPRESSED CURRENT SYSTEM: A rectifier and ground-bed (carbon or graphite) used in
soils above 5,000 ohms-cm. or when currents exceeding 5 a. are required.

MAGNESIUM (Anodes) : Used to protect bare metal in soils of less than 5,000 ohm-cm., or to
protect coated piping up to 10,000 ohm-cm.
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PIPE-TO-SOIL POTENTIAL (Structure): (1) Indicates the corrosive condition of a metal
surface. (2) Indicates the amount of protection applied. (—0.85 volts, as measured to a
copper-sulfate electrode, will prevent corrosion.)

RECTIFIER: A direct current source used to force current from a ground-bed (carbon or
graphite) through the soil to the metal to be protected.

RECTIFIER SYSTEM—IMPRESSED CURRENT SYSTEM: A combination rectifier and
ground bed used for cathodic protection.

SHEPARD CANE': Instrument used to measure soil resistivity.

SOIL (OR WATER) RESISTIVITY: The degree to which soil (or water) resists the flow of
electric current. The unit of measurement used is ohm-centimeter.

TEST LEADS: Leads attached to a metal structure and brought to the surface; they are
usually placed in handholes. These leads are used for: testing to determine the adequacy of
protection; and pipe-to-soil tests.

VIBRAGROUND: Instrument used to measure soil resistivities and current density.
ZINC (Anode) : Used with special backfill to protect metal in soils of less than 2,500 ohm-cm.
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APPENDIX A

Electromotive Series






It is known that all metals can be arranged
in a regular order of electrical voltage. This
arrangement is called the electromotive series,
and was established by a laboratory experiment
conducted under very rigid standardized con-
ditions. Table A-1 gives a brief form of this
series, and lists the common metals which are
of interest in metal structure corrosion work.

Magnesium, zine, and aluminum have high
potentials with respect to the soil. Their po-
tentials are higher than any of the ferrous
metals; that is, steel or cast iron. This rela-
tionship between magnesium, zinc and alumi-

on the scale will be corroded, and will protect
the one lower on the scale.

TABLE A-1

Extract from the Electromotive Series

Comparative
Metals voltages
Magnesium NS i |
Tige “Ee Ll - -1:055
Aluminum . 0.825

. 0.598
. 0.592

Bright steel
Bright cast iron

AinG 15 Gl Bl add fron.on Gk Gther e ST T o

considerable significance in metal structure cor-  Lead .. .. < 4H0D1

rosion work. When any metal listed in table A-1 g‘“‘y steel _......... g%zg

is connected to any metal lower on the table, and  gjjve; T 0091

is buried with it underground, the metal higher Carbon ... 0089
A-3
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Protection Current Curves
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CATHODIC PROTECTION CURRENT TESTS (ALTER-
NATE METHOD)

Current Requirements. Cathodic-protection cur-
rent tests are performed to determine how
much current will be required to adequately
protect a metal structure. Current require-
ments for cathodic protection depend greatly
on soil conditions and on the size and condition
of a metal structure. The average current
density needed to protect bare pipe in ordinary
soils varies from 1 to 8 milliamperes per square
foot when using concentrated anode beds, or
rectifiers of high-current output. If the anode
bed is distributed along the section of the line
to be protected, the current requirements will
be reduced about 70 percent. An anode system
installation incorporates the principle of a dis-
tributed anode bed, and full protection is ob-
tained at an average current density of 1 ma./
sq. ft. of bare pipe in soil. Impressed current
systems require a current density of 8 ma./sq.
ft. of bare pipe. For well-coated pipe, the cur-
rent densities needed are only about 10 percent
of those required for bare pipe.

Current Estimating Values Criterion

Bare pipe .1 ma./sq. ft. (anode system)

Bare pipe .3 ma./sq. ft. (impressed current
system )

Old-coated pipe ........._0.2 ma./sq. ft. (anode or impressed

New-coated pipe ... .. 0.1 ma./sq. ft. current system).

Alternate Test Method. Apply current to the
corrosive pipe section by means of a battery
or welding generator and a temporary ground
bed of scrap metal or aluminum foil. Make
pipe-to-soil potential measurements (par. 1.5.4)
along the section of pipe to be protected until
readings just below —0.85 volts (protection
lavel) are recorded.

Z

I, = Applied test current,

X = Distance in feet to 0.84 volt,

Y = Distance in feet to 0.84 volt,

Z = Total distance in feet to be protected,
A = Applied current connecting point.

The distance between test points X and Y
(see fig. B-4) and the known size of the pipe
enable the determination of the surface area
under temporary protection. Test points should
be located at 100-foot intervals if possible ; other-
wise, use convenient accessible points, such as
vales, service taps, etc. The applied current in
amperes (I,) divided by the pipe surface area
of the test section between X and Y in square
feet equals amperes per square foot, which is
the unit protection factor. The amperes per
square foot multiplied by the total pipe surface
area (length of pipe to be protected multiplied
by the factor for the pipe diameter, from table
B-1) equals the total protective current re-
quired.

Note: when this alternate method is em-
ployed, it is not necessary to measure soil re-
sistivity except for the purpose of selecting
locations for anodes or ground-beds.

Example:

Test point distances X |+ Y = 200 feet.

Pipe size diameter — 6 inches

Total pipe surface — 200’ X 1.734’ (table B-1)
= 347 sq. ft.

Applied test current — 0.4 amperes.
0.4 amperes
347 sq. ft.

Effective total pipe area to be protected — 1,200 X 1.73
= 2,100 sq. ft. (see table B-1).

Total protection current required — 2,100 sq. ft. X
0.0012 a. per sq. ft. = 2.52 amperes.

Unit protection factor — = 0.0012 a. per sq. ft.
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FIGURE B-4

Alternate Method for Determining Protection Current Requirement



TABLE B-1

Metal Pipe Surface Area

Nominal size

Surface sq. ft.

(inches) per ft. length
. e 2 <o SRS
LR i o e e SR 0.344
PLAG et Fal DS SR e T 0.434
o R L S O SRS, 0.497
l 2 h AN R R L e i 0.622
Qhociis gl Weliin el o ool T 0.753
3 A 2 L TR e - R SIS . ) 0.916
L VNN B e I SRt S 1.047
l & . reapnl FRRRCT B e e sk 1.178
QLG Vaich igaded Mo L 1t W e s 1.309
8 ANTET b et e b st oo 1.456
G e AR R WL o B 1.734
. 8 o lilades b ca 000 2.258
RO = LR S Sl BTG s 2.82
D TR S R S 3.34
7 T . R A 3.67
. LRTENR O LT 4.19
B8 Lo o BERE B 4.71
20 5.24
B TRl < T k. S A PRI 5.76
' 24 6.28
90 Tomesgs = Te U N i 7.85

Cast Iron Pipe

Nominal diameter Surface sq. ft.

(inches) per foot
% AL ole ey, Sl i S S R 0.995
ot B gt s st B DO e el 13257,
6 Mosail i eeloer o AR T SRR S 1.806
8 oo G REPSTIL C NG Sl 2.369
1 e TRERE SR S o oy e R M 2.906
12 e deee lo g B W 3.456
16 =oniate. Fdae vw JSet - h e 4.660
Square feet of bare pipe X 1 ma./per sq. ft.
(magnesium system).
Square feet of bare pipe X 3 ma./per sq. ft.
(impressed current system).
Square feet of coated pipe X 0.1 ma./per sq. ft.
(magnesium or impressed current system).
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PROTECTION FOR SECTION OF STEEL PIPE

Example:
Bipe sife, Lot o COd 10 inches
Pipe length ____ feet
Soile: 3 -G -~ 2,000 ohm-cm.
Coating . None.
Brotection. ... L.l o i T 1 ma./sq. ft.
current (bare (magnesium anode
pipe). system)
3 ma./sq, ft.

(impressed current
system) (Par.
1.5.5 through 2.3)

Galvanic Anode System. The number of mag-
nesium galvanic anodes necessary for the pro-
tection of a section of metal pipe requiring a
certain current density may be determined by
using the curves in Figures 6, B-1, and B-2.

(1) The current requirement curve (fig.
B-1) indicates that 1,600 ma. of current is re-
quired to protect 600 feet of bare pipe at 1 ma.
per sq. ft.

(2) The soil resistivity magnesium anode
output curve (fig. B-1) indicates that a mag-
nesium anode will deliver 90 ma. in soil of 2,000
ohm-cm.

(3) The number of anodes required to pro-
vide the required current is:

protection current required
output (current) per anode

1600 ma. = 17.8 or 18 anodes
90 ma.

(4) Select the magnesium anodes of
proper weight for 2,000 ohm-cm. soil resistivity
using the tables in paragraphs 1.7.1.1 and 1.7.3.

(2,000 ohm-cm. soil requires 17-1b. anodes

(magnesium) )

(5) Estimated cost of installing eighteen
17-1b. magnesium anodes:

18 anodes at $40 each

Number of anodes required —

Number of anodes required —

(labor and material) = $720

150 ft. of collector cable
at $0.35 per ft. 53
773

IMPRESSED CURRENT SYSTEM. The size of the

rectifier and ground-bed can be determined by
the following steps:

(1) The current requirement curve (fig.
B-1) indicates that 1,600 ma. of current is
required to protect 600 feet of bare pipe at the
rate of 1 ma. per sq. ft. Paragraph 2.4.1
recommends that 3 ma. per sq. ft. of bare pipe

be used with impressed current systems. There-
fore, for an impressed current system, the cur-
rent requirement is 1,600 ma. X 3, or 4,800
milliamperes.

(2) Determine the resistance of a single
3” X 60” graphite rod to ground by using the
formula: (par. 2.3)
3.0p 3 X 2,000
1,000 — 1,000

(8) The number of graphite rods (N)
required to handle the needed current density
at the maximum allowable current per graphite
rod is determined by :

__ 4.8 amperes
~ 4 amperes per rod

An additional rod is added as instructed in
paragraph 2.2.5.

(4) Determine the resistance of the 2-rod
ground-bed by :

= 6 ohms.

= 1.2 or 2 rods needed (table I)

R

R = 06N (par. 2.3),
6

R = W— 5 ohms

(5) Determine the rectifier voltage (E)
needed to drive the required current density of
4.8 amperes for the ground-bed. The total
voltage supplied should be at least 3 volts more
than the computed value to allow for the volt-
age drop in the conductors and the season
variations in the soil resistivity.

Voltage (E) = (I X R) -4 3 volts (par. 2.4.1)
Voltage (E) = (4.8 X 5) 4 3 = 27 volts.
(6) The rectifier selected should have a
27-volt, 5-ampere capacity.
.(7) The estimated cost of installing the
impressed current system is:
2 graphite rods at $60 (labor,

rods, backfill) each ... $120
1 rectifier (27 volts, 5 amperes)
installed 375
200 feet of wire ... 100
Conduit and miscellaneous
material 100
695

Annual power cost computed at 60 percent
rectifier efficiency is:

4.8 a. X 27 volts X 8760 hrs. per yr. X
$0.02 per kw.-hr.

60 percent efficiency X 1,000

= $37.85



Cost comparison :
Magnesium anode system
Impressed current
system, installation

cost L e 3695
Power cost for 8 years . 302
Equivalent cost, impressed

current aystem- . .. ... ... 997

Note: Use anode system because of low re-
sistivity soil, and less than 5 amperes of cur-
rent (par. 1.7.1).

PROTECTION FOR SECTION OF STEEL PIPE

Example:
Ehme e o R 10 inches
belgngth ... - . = . o 600 feet
Soill & o . 2,000 ohm-cm.
RGOt oo o o Enamel
Sotession ..o C o 0.1 ma./sq. ft.
current (coated (magnesium anode
pipe). system )
0.1 ma./sq. ft.

(impressed current
system) (par.
1.5.5)

Galvanic Anode System. The number of mag-
nesium galvanic anodes necessary to protect
a section of metal pipe requiring a certain cur-
rent density may be determined by using the
curves in appendix B.

(1) Current requirement curve (fig. B-1)
indicates that 1,600 milliamperes (ma.) of cur-
rent is required to protect 600 feet of bare pipe
at 1 ma. per sq. ft. For coated pipe, 0.1 ma.
per sq. ft. is required. Therefore, protection
current required in this case is 1,600 ma. X 0.1,
or 160 milliamperes.

(2) The soil resistivity anode output curve
(Figure B-2) indicates that a magnesium anode
will deliver 90 ma. in soil of 2,000 ohm-cm.

(3) The number of anodes needed to pro-
vide the required current is:

protection current required
output (current) per anode

160 ma.
90 ma.

(4) Select magnesium anodes of proper
weight for 2,000 ohm-cm. soil resistivity, using
the table in Paragraph 1.7.1.1. 2,000 ohm-cm.
soil requires the use of 17-1b. anodes.

(5) Estimated cost of installing two 17-lb.
magnesium anodes is:

2 anodes at $40 (labor and

material) each (wire included
with anode at no cost)

Number of anodes required =

Number of anodes required = = 1.78 or 2 anodes

Impressed Current System. The size of the recti-
fier and ground bed can be determined by the
following steps.

(1) Current requirement curve (fig. B-1)
indicates that 1,600 ma. of current is required
to protect 600 feet of bare pipe at 1 ma. per sq.
ft. Coated pipe protection current requirements
are calculated at 0.1 ma. per sq. ft. of pipe. The
protection current required is 1,600 ma. X 0.1
or 160 ma. (0.16 a.).

Note: The total protection current required
is 0.16 a. and the soil resistivity is 2,000 ohm-
cm. Since the protection current required is
well under the 5-a. minimum limit recom-
mended for an impressed current system, and
since the soil resistivity is low, a magnesium
anode system is recommended.
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Insulating and Bonding
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6" CONCRETE PIPE WITH CONCRETE COVER
WHEN NOT SUBJECT TO VEHICULAR TRAFFIC.

OTHERWISE USE TEST STATION MARKER
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FIGURE D-4

Typical Installation Test Leads



APPENDIX E

Cathodic Protection Test Instruments and Equipment
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Anode and Ground Bed Installations
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FIGURE F-1
Anode Ground Bed Installation (Single anode or single anode group.)
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Combinations of Cathodic Protection Installations
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Inspection and Maintenance Record Forms
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